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FOREWORD 


This  publication  is  one  of  a  series  containing  information  for 
the  hydrologic  design  of  conservation  structures  and  practices  in 
important  agricultural  areas  where  hydrologic  studies  have  been 
made  by  the  Soil  Conservation  Service.  The  information  and  pro- 
cedures contained  in  these  publications  are  based  on  rainfall, 
runoff,  and  other  hydrologic  data  obtained  from  the  runoff  studies 
and  from  other  research  projects  of  the  Service  conducted  in 
cooperation  with  State  agricultural  experiment  stations.  United 
States  Weather  Bureau  records  of  precipitation  and  published  and 
unpublished  records  of  stream  flow  of  the  United  States  Geolog- 
ical Survey,  and  available  records  from  other  sources  are  uti- 
lized in  the  preparation  of  these  publications. 

Records  of  runoff  from  small  watersheds,  within  the  areas 
included  in  this  publication,  are  still  very  limited  as  to  range  in 
watershed  size  and  length  of  record.  More  definite  information  is 
needed  on  the  relation  of  rates  of  runoff  to  size  of  drainage  area 
and  the  effect  of  crop  cover  on  rates  and  amounts  of  runoff  from 
watersheds  of  various  sizes.  Rates  of  runoff  from  individual 
terraces  of  various  lengths  and  horizontal  spacings  and  under 
several  crop  covers  and  rotations  are  necessary  before  recom- 
mendations can  be  made  for  terraced  areas.  Pending  additional 
research,  such  data  as  are  now  available  must  be  utilized  to  fill 
the  present-day  needs.  Values  presented  in  this  report  must  be 
considered  tentative,  however,  and  subject  to  revision  as  addi- 
tional information  becomes  available. 


M.  L.  Nichols 
Chief  of  Research 
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RATES  OF  RUNOFF  FOR  THE  DESIGN  OF  CONSERVATION  STRUC- 
TURES IN  THE  UPPER  MISSISSIPPI  VALLEY  UPLAND  LOESSIAL 
AREAS 

By  N.  E.  Minshall,  agricultural  engineer,  Division  of  Drainage  and  Water  Control,  Re- 
search, Soil  Conservation  Service 


INTRODUCTION 

This  report  presents  a  brief  history  of  the  work  and  a  detailed  description  of  the 
watersheds,  instrumentation,  and  procedures  employed  in  the  collection  and  compila- 
tion of  data  from  the  runoff  studies  near  Fennimore,  Wis.  It  outlines  the  area  within 
which  the  information  presented  can  be  applied  if  proper  care  is  exercised  in  evaluat- 
ing the  watershed  characteristics.  It  also  gives  data  for  a  group  of  the  most  intense 
storms  on  each  of  the  watersheds  and  typical  hydrographs  indicating  the  effect  of 
cover  and  antecedent  moisture  on  rates  of  runoff. 

The  report  outlines  briefly  the  methods  of  analysis  and  presents,  in  both  tabular 
and  graphical  form,  recommended  rates  of  runoff,  from  small  agricultural  water- 
sheds, to  be  used  in  the  design  of  conservation  structures.  It  recognizes  the  fact  that 
peak  rates  of  runoff  from  small  areas  are  of  very  short  duration,  thus  making  small 
amounts  of  storage  effective  in  reducing  these  rates.  The  average  flood-distribution 
graph  and  curve  of  total  storm  runoff  are  presented  for  the  engineer's  use  in  comput- 
ing such  reductions  in  peak  rates. 

The  large  differences  in  rates  of  runoff  from  pastured  and  cultivated  watersheds 
are  due  to  the  ability  of  the  soils  in  this  area  to  absorb  large  amounts  of  rainfall  of 
high  intensity  when  the  surface  is  protected  by  good  vegetative  cover.  The  values 
given  are  believed  to  be  conservative  and  no  factor  of  safety  need  be  used  in  their  ap- 
plication. 

No  recommendations  are  made  for  rates  of  runoff  from  individual  terraces  or  ter- 
raced watersheds  as  the  available  data  are  far  too  meager  to  permit  any  logical  analy- 
sis. 

SOURCES  OF  DATA 

Data  included  in  this  publication  are  generally  applicable  to  upland  areas,  within 
the  boundaries  shown  on  the  map  of  figure  1,  page  2,  in  northwestern  Illinois,  north- 
eastern Iowa,  southeastern  Minnesota,  and  southwestern  Wisconsin.  This  area  is 
mainly  the  unglaciated  section  of  the  Upper  Mississippi  River  drainage  basin.  The 
extensive  soils  of  this  area  are  derived  from  three  kinds  of  parent  material;  loess,  a 
mixture  of  loess  and  limestone  residuum,  and  glacial  till.  The  soils  of  loessial  origin 
are  Tama,  Fayette,  and  Clinton  silt  loams.  Tama  soils  are  dark  colored,  deep  and 
moderately  permeable.  Fayette  silt  loam  is  deep  and  moderately  permeable  but  has 
light  colored  surface  soil.  Clinton  soils  have  heavier  textured  and  less  permeable 
subsoils  than  the  Fayette  soils.  The  Dubuque  and  Dodgeville  soils  are  developed  on 
material  derived  from  a  layer  of  loess  less  than  18  inches  thick  over  limestone  re- 
siduum. Where  the  loess  covering  is  18  to  36  inches  thick  a  deep  phase  is  mapped. 
These  soils  are  shallow  or  moderately  deep,  depending  on  the  thickness  of  the 
loess    covering.      They    are   medium  textured    and  usually  moderately  permeable. 
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The  Carrington  soils  are  derived  from  friable  glacial  till.  They  have  dark-colored 
surface  layers  like  the  Tama  and  Dodgeville  soils  and  are  deep  and  moderately  per- 
meable. Within  this  area  records  of  runoffavailable  as  a  basis  for  design  of  conser- 
vation structures  and  practices  on  small  drainage  basins  are  limited  to  those  obtained 
by  the  Soil  Conservation  Service  at  La  Crosse  and  Fennimore,  Wis.,  and  the  Ralston 
Creek  cooperative  project  of  the  State  University  of  Iowa,  Department  of  Agriculture, 
and  the  United  States  Geological  Survey.   Records  obtained  from  these  studies  include: 

1.  Rainfall,  runoff,  soil  and  air  temperatures,  relative  hu- 
midity, and  cover  and  tillage  for  9  years  (  1  9  38-46)  on 
four  small  watersheds  1  mile  north  of  Fennimore,  Wis. 
These  areas  are  22.8,  52.5,  171,  and  330  acres,  all 
in  mixed  crops.  None  of  them  had  one  single  type  of 
cover  in  any  year. 

2.  Rainfall,  runoff,  soil  loss,  and  cover  and  tillage  records 
from  three  small  watersheds  on  the  Upper  Mississippi 
Valley  Experiment  Station  farm  east  of  La  Crosse, 
Wis  .(  3)  .  1  /  The  watersheds  include  a  12-year  record 
(  1  9  34-45-)  on  a  2.33-acre  unterraced  cultivated  water- 
shed (UCW)  farmed  as  a  3-year  rotation  of  corn,  grain, 
hay  except  for  1940-43  when  the  area  was  all  in  hay;  a 
9-year  record  (  1  93  7-45  )  on  a  2.7-acre  s  t  r ip - c r o pp e d 
watershed  (CW)  with  a  6-year  rotation  of  corn,  grain, 
4  years  hay;  and  a  12-year  record  (1934-45)  ona2.41- 
acre  unterraced  pasture  watershed  (UPW). 

3.  Rainfall,  runoff,  temperature,  and  cover  and  tillage  for 
22  years  (1924-45)  on  a  1,926-acre  Ralston  Creek  area 
near  Iowa  City. 

United  States  Weather  Bureau  records  of  precipitation  and  temperature  are  avail- 
able for  more  than  50  years  at  a  number  of  stations  within  the  area,  with  the  longest 
continuous  record  of  95  years  at  Dubuque,  Iowa. 

Records  of  runoff  for  Gilmore  Creek  near  Winona,  Minn.,  with  a  drainage  area  of 
8.95  square  miles  (1941-45),  East  Fork  Galena  River  near  Council  Hill,  111.,  with  an 
area  of  20.1  square  miles  (1941-45),  Rapid  Creek  near  Iowa  City,  Iowa,  with  an  area 
of  24.5  square  miles  (1938-45),  Coon  Creek  at  Coon  Valley,  Wis. ,(4),  with  an  area  of 
77.2  square  miles  (1934-40),  Little  Maquoketa  River  near  Durango,  Iowa,  with  an  area 
of  130  square  miles  (1938-45),  Platte  River  near  Rockville,  Wis.,  with  an  area  of  137 
square  miles  (1938-45),  Yellow  River  at  Ion,  Iowa,  drainage  area  224  square  miles 
(1935-45),  and  Grant  River  near  Burton,  Wis.,  with  drainage  area  257  square  miles 
(1935-45)  were  collected  by  the  United  States  Geological  Survey. 

Short  records  of  runoff  of  10  years  or  less  are  not  sufficient  for  a  complete  analy- 
sis upon  which  to  base  final  design  recommendations.  However,  since  there  is  an  ur- 
gent need  for  this  information  and  longer  records  on  these  soil  types  are  not  available, 
it  becomes  necessary  to  make  the  best  possible  estimates  from  the  data  obtained  thus 


1/ Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  30. 
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far.  Some  of  the  recommendations  must  necessarily  be  based  on  the  judgment  of  the 
author  as  exact  relationships  seldom  exist  in  hydrology. 

DESCRIPTION  OF  WATERSHEDS 

The  runoff  studies  on  the  Fennimore,  Wis.,  Demonstration  Project  consist  of  four 
watersheds  with  areas  of  22.8,  52.5,  171,  and  330  acres,  located  about  1  mile  north  of 
Fennimore.  The  three  smaller  areas  are  entirely  within  the  330-acre  watershed.  The 
topography,  soils,  slopes,  and  erosion  of  these  areas  are  shown  on  the  maps  of 
figures  2  and  3,  pages  5  and  6. 

The  table  of  watershed  characteristics  (table  1,  p.  8)  was  compiled  in  an  attempt 
to  express  as  many  of  the  permanent  characteristics  as  possible  in  a  simple  manner. 
This  table  will  enable  the  users  of  the  runoff  data  to  determine  the  extent  to  which  data 
obtained  from  a  given  watershed  must  be  modified  in  applying  them  to  other  drainage 
areas.  The  definitions  given  below  were  established  to  insure  uniform  results  from 
all  the  runoff  projects  {s).  With  these  definitions  the  characteristics  of  any  drainage 
area  can  be  determined  with  sufficient  accuracy  from  a  reasonably  well-prepared 
topographic  map  which  shows  the  extent  of  the  principal  waterways. 

(l),  (2),  and  (8)  require  no  definition. 

(3)  Prevailing  slopes  are  slopes  which  exist  on  30  percent  or 
more  of  the  watershed.  Two  or  three  values  are  given  if 
the  slopes  fall  into  that  many  groups  each  applying  to  30 
percent  or  more  of  the  total  area. 

(4)  Range  in  slopes  is  the  range  between  the  flattest  and 
steepest  slopes. 

(5)  Length  of  Principal  Waterway  is  the  length  of  the  major 
waterway  measured  along  the  thread  of  the  stream  from 
the  weir  to  a  point  at  which  water  concentrates  suffici- 
ently to  produce  channel  flow  under  flood  conditions. 
These  points  were  determined  from  a  careful  study  of  the 
watersheds  during  runoff.  In  cases  where  the  watershed 
is  divided  by  two  main  waterways,  which  join  near  the 
weir,  each  draining  over  30  percent  of  the  area,  the  length 
of  both  is  recorded  and  designated  as  ''A''  and  ''B''. 

(6)  Average  Slope  of  Principal  Waterway  is  determined  by 
dividing  the  difference  in  elevation  at  the  beginning  and 
end  of  the  principal  waterway  by  the  length  of  the  water- 
way in  feet. 

(7)  Total  Number  of  Waterways  includes  theprincipal  water- 
way and  all  tributaries. 

(9)  Total  Length  of  Waterways  is  the  combined  lengthofthe 
principal  waterway  and  all  tributaries. 
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(10) 


Drainage  Density  is  the  length  of  waterways  per  acre 
determined  by  dividing  item  9  by  the  area  of  the  water- 
shed in  acres. 


(11)  Form  Factor  is  a  d  i  m  e  n  s  i  o  n  1  e  s  s  number  serving  as  an 
index  of  the  shape  of  the  watershed.  It  is  expressed  by 
A  /  L.  ^  where  A  is  the  drainage  area  in  square  feet  and 
L,  is  the  length  of  the  watershed  in  feet  measured  in  a 
straight  line  in  the  general  direction  of  the  principal 
waterway  between  the  weir  and  the  point  at  which  this 
line  crosses  the  divide.  ( A  /  L.  ^  is  the  reciprocal  of 
L  /  W    which  is  commonly  used.) 

(12)  Soil  Types 

(a)  Tama  silt  loam  —  Deep,  dark-colored,  medium- 
textured  surface,  moderately  permeable  loess  soil 
developed  under  prairie  vegetation.  Loess  over 
36  inches  in  depth. 

(b)  Dubuque  silt  loam  (deep  phase)  moderately  deep, 
1  i  g  h  t  -  c  o  1  o  r  e  d  ,  m  e  d  i  u  m  -  t  e  x  t  u  r  e  d  surface,  moder- 
ately permeable  subsoil,  developed  under  timber 
vegetation.  Underlain  by  limestone  clay  residuum 
at  18  to  36  inches. 

(c)  Dubuque  silt  loam  (shallow  phase)  same  as  deep 
phase,  except  having  the  underlying  limestone  clay 
residuum  at  less  than  18  inches. 

(d)  Dodge  ville  silt  loam  (deep  phase)  moderately  deep, 
dark-colored,  medium-textured  surface,  moder- 
ately permeable  subsoil  developed  under  prairie 
vegetation.  Underlain  by  limestone  clay  residuum 
at  18  to  36  inches. 

(e)  Dodgeville  silt  loam  (shallow  phase)  same  as  deep 
phase  except  having  the  underlying  clay  residuum 
at  less  than  18  inches. 

(f)  Deposition  by  erosion  of  surface  soil  from  the 
sloping  fields  above. 


The  percentage  of  each  watershed  in  the  various  land  capability  classes  in  accord 
ance  with  the  legend  below  is  indicated  in  table  2,  page  8. 


Class  1,  called  ''Green  land' '--less  than  2-percent  slopes  on 
deep  silt  loam  or  well-drained  bottom  lands. 
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TABLE  1 . --Watershed  characteristics 


.  W-| 

W-l  1 

W-l  1  1 

W- 

1  V 

1 

Size  of  drainage  area — acres 

330 

22.8 

52.5 

17  1 

2 

Range  in  elevation — feet 

1  ,  1 05  - 1 , 2.M 

1       ICO       1       1 1 O 

1 ,  1  58-  1,212 

1        1   O  A       1  .Oil 

1  ,  1  24-  1.21  1 

1 ,  146 

- 1  ,  247 

3 

Prevailing  land  slopes — percent 

4  an  d  8 

■fr  an  cj  y 

4  and  7 

4 

Range  in   land  slopes — percent 

I    X  0  A) 

1  to  10 

z  to  zu 

1  to  12 

5 

Length  of  prin.  waterway-feet 

5,  200 

400 

2,  200 

2, 

450 

6 

Average  slope  of  prin.  waterway, 

pe  rcent 

1  . 8 

5.0 

3.  5 

2 

.2 

7 

Total  number  of  waterways 

6 

2 

2 

4 

8 

Number  of  acres  per  waterway 

55 

11.4 

26.  2 

42.8 

9 

Total   length  of  waterways — feet 

10,800 

750 

2.300 

4,950 

10 

Drainage  density  (length  of  water- 

33 

32.8 

44 

28 

.9 

1  1 

Form  factor  Aj 

0.  54 

1 .  10 

0.  46 

0 

.78 

12 

Soi 1  types — percent  of  area 

a.  Tama  silt  1 oam 

50.  1 

7  2.8 

34.  1 

69 

.5 

b.  Dubuque  silt   loam  (deep  phase) 

J  2.  3 

44.  1 

c.  Dubuque  silt   loam  (shallow  phase) 

7.  1 

17.0 

d.   Dodgeville  silt   loam  (deep  phase) 

17.  1 

16.6 

20 

.6 

e.  Dodgeville  silt   loam  (shallow 

phase ) 

5.7 

8.5 

3 

.7 

f.  Deposition 

7.9 

2.  1 

4.8 

6 

2 

TABLE  2. --Land  capabilities  (percent  of  area) 


W-| 

W-l  1 

W-|  1) 

W-l  V 

C 1  ass 

1 

"Green  Land" 

6 

3 

2 

6 

4.3  • 

6.5 

Class 

2 

"Yel low  Land" 

76 

7 

87 

3 

72.6 

90.  1 

Class 

3 

"Red  Land" 

7 

0 

!0 

1 

13.2 

.9 

CI  ass 

4 

"Blue  Land" 

10 

0 

9.9 

2.5 
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Class  2,  called  ''Yellow  land "-- rolling  2  to  6-percent  slopes 
in  deep  silt  loam  subject  to  moderate  erosion.  Suitable  for 
short  rotations  if  strip-cropped  on  the  contour  or  terraced. 

Class  3,  called  ''Red  land,"  sloping  land,  6  to  15  percent  on 
deep  silt  loam  subject  to  moderate  to  severe  erosion,  or 
shallow  soils.  Suitable  for  long  rotations  and  recommended 
for  terracing. 

Class  4,  called  ''Blue  land"--over  15  percent  slopes  subject 
to  severe  erosion  or  wet  bottom  lands.  Recommended  for  hay, 
permanent  pasture,  or  very  long  rotations. 


Watershed  W-I,  with  an  area  of  330  acres,  has  a  maximum  length  of  1  mile  and  an 
average  width  of  one-half  mile  with  a  total  difference  in  elevation  of  142  feet.  The 
form  factor  of  0.54  indicates  an  area  whose  length,  along  the  main  watercourse,  is  ap- 
proximately twice  its  average  width.  Land  slopes  vary  from  1  to  20  percent  with  pre- 
vailing slopes  of  4  and  8  percent  each,  applying  to  approximately  30  percent  of  the 
area.  The  high  value  of  55  acres  per  waterway  and  the  low  drainage  density  of  33  feet 
per  acre  indicate  there  is  a  predominance  of  overland  flow  and  that  concentration  of 
runoff  from  the  area  will  be  rather  slow.  Impervious  areas  within  the  watershed  con- 
sist of  U.  S.  Highway  61,  a  30-foot-wide  black-top  pavement  running  north  and  south 
across  the  western  part  of  the  area;  a  gravel  town  road  extending  east  from  this  road 
on  the  approximate  center  line  of  the  area;  and,  three  sets  of  farm  buildings,  in  all 
constituting  about  5  percent  of  the  area.  These  impervious  areas  tend  to  increase  both 
the  peak  rate  and  total  amount  of  runoff  but  the  small  increase  in  these  probably  is 
well  within  the  degree  of  accuracy  obtainable  in  estimates  of  runoff  from  other  agri- 
cultural watersheds  to  which  these  data  will  be  applied.  The  soils  are  mainly  Tama, 
Dubuque,  and  Dodgeville  silt  loams  developed  from  deep  loess  and  a  mixture  of  lo- 
essial  material  and  limestone  residuum.  These  are  largely  deep  and  moderately 
deep,  moderately  permeable  soils  capable  of  absorbing  large  quantities  of  water. 
Twenty  acres  of  the  area  have  been  strip  cropped  on  the  contour  with  100-foot  wide 
strips,  for  the  entire  period  of  record.  Fifty-seven  acres  have  been  in  permanent 
pasture  during  this  same  period. 

Watershed  W-II  (22.8  acres)  is  a  fan-shaped  area  as  shown  by  the  form  factor  of 
1.10.  The  total  difference  in  elevation  from  the  weir  to  the  highest  point  in  the  area  is 
54  feet.  The  area  has  no  well-defined  waterways  and  the  prevailing  slopes  of  4  and  8 
percent  include  most  of  the  watershed.  The  depth  to  impervious  stratum  exceeds  48 
inches  for  most  of  the  area.  The  low  number  of  waterways  and  the  deep  permeable 
soils  tend  to  reduce  runoff  rates  but  this  is  somewhat  offset  by  the  shape  of  the  water- 
shed. There  are  no  impervious  areas  in  this  watershed.  Four  acres  have  been  strip 
cropped  on  the  contour  with  strips  100  feet  wide  in  a  3-year  rotation  of  corn,  grain, 
and  hay. 

Watershed  W-III  with  an  area  of  52.5  acres  is  approximately  twice  as  long  as  its 
average  width  and  has  a  total  difference  in  elevation  of  85  feet.  Land  slopes  vary 
from  2  to  20  percent  with  prevailing  slopes  of  4  and  10  percent  each,  applying  to  more 
than  30  percent  of  the  area.  The  form  factor  of  0.46,  the  number  of  acres  per  water- 
way, 26.2,  and  the  drainage  density  44  feet  per  acre,  indicate  that  with  respect  to 
length  of  overland  flow  and  concentration  of  runoff,  this  area  is  more  nearly  similar  to 
W-I  than  W-II.    Impervious  areas  consist  of  one  set  of  farm  buildings  and  a  gravel 
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road  across  the  area.  There  are  no  special  conservation  measures  on  the  area  other 
than  a  concrete  notch  for  gully  control  about  150  feet  upstream  from  the  measuring 
station.  There  is  an  area  of  deposition  for  500  feet  upstream  from  the  concrete  notch 
with  a  gradient  of  3  percent  and  an  average  width  of  40  feet  where  the  runoff  spreads 
and  infiltrates.  This  makes  the  peak  rates  and  total  amounts  of  runoff  from  the  area 
appear  low. 

Watershed  W-IV  is  an  area  of  171  acres  fairly  similar  in  shape  to  W-II  but  having 
more  clearly  defined  drainages  which  are  common  to  the  larger  areas.  The  total  dif- 
ference in  elevation  is  101  feet.  The  prevailing  slopes  are  4  and  7  percent,  with  a 
maximum  slope  of  12  percent  for  a  small  portion  of  the  area.  The  form  factor  of  0.78 
indicates  an  area  which  is  nearly  circular.  Impervious  areas  consist  of:  the  black- 
top road  running  north  and  south  through  the  area;  a  short  section  of  gravel  road,  and 
one  set  of  farm  buildings.  Soil  over  most  of  the  area  is  more  than  48  inches  deep. 
Thirteen  acres  of  this  area  have  been  strip  cropped  with  100-fcot  strips  on  the  contour 
and  a  3-year  rotation  of  corn,  grain,  hay  for  the  entire  period  of  record.  Twenty-two 
acres  have  been  in  permanent  pasture  during  this  same  period.  Most  of  the  remainder 
of  the  area  is  farmed  in  rectangular-shaped  fields  with  a  3-year  rotation  of  corn, 
grain,  hay. 

INSTRUMENTATION  AND  PROCEDURES 

The  instrumentation  for  the  runoff  studies  consists  of  one  runoff  and  one  or  more 
rainfall  measuring  stations  on  each  watershed  and  a  temperature  station  for  the  group. 

Each  runoff  measuring  station  consists  of  a  triangular  broad-crested  weir,  stilling 
well,  instrument  shelter,  and  outside  staff  gages.  Precalibrated  weirs  rather  than 
current-meter  measurements  were  used  in  obtaining  runoff  records  because  storm 
runoff  from  such  small  watersheds  is  flashy;  the  rates  increase  from  zero  to  the  max- 
imum in  a  few  minutes;  the  maximum  rates  are  not  sustained  long  enough  to  permit 
satisfactory  current-meter  measurements;  and  intense  storms  frequently  occur  at 
night.  Triangular  weirs  were  used  because  they  give  consistent  accuracy  at  all 
heads,  are  self-cleaning,  fit  the  topography  well  with  a  minimum  of  temporary  pond- 
age, and  their  rating  is  not  seriously  affected  by  submergence.  All  weirs  have  a  crest 
width  of  4  inches,  which  laboratory  tests  indicated  was  the  minimum  for  producing  a 
satisfactory  rating  curve.  The  side  slopes  of  the  weirs  are  3  to  1  on  the  small  water- 
sheds W-II  and  W-III  and  5  to  1  on  W-I  and  W-IV.  The  design  capacity  of  all  weirs  is 
more  than  double  the  maximum  measured  in  the  9  years  of  record. 

Head  over  the  weirs  is  measured  by  water-level  recorders  which  will  record  un- 
limited range  in  stage  on  a  scale  of  5  inches  of  chart  equals  1  foot  of  stage.  This  is 
accomplished  by  using  a  recorder  which  reverses  the  direction  of  the  pen  at  each  foot 
of  stage.  The  recorder  is  equipped  with  an  8-day  clock  housed  in  an  instrument  shel- 
ter which  is  mounted  on  top  of  the  stilling  well.  The  center  of  the  stilling  well  is  lo- 
cated 10  feet  upstream  from  the  center  line  of  the  4-inch  surface  of  the  weir  crest  to 
be  certain  the  recorder  is  not  affected  by  drop  in  the  water  surface  near  the  weir.  The 
clocks  for  stations  W-II,  W-III,  and  W-IV  are  geared  to  make  one  revolution  every  6 
hours  which  gives  a  time  scale  of  1  inch  equals  25  minutes.  The  runoff  from  station 
W-I  extends  over  a  longer  period  of  time  and  this  clock  is  geared  to  make  one  revolu- 
tion every  12  hours.  With  these  scales,  stage  can  be  read  to  the  nearest  0.01  footand 
time  to  the  nearest  minute. 
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Each  of  the  water-level  recorders  is  equipped  with  a  stainless  steel  tape,  gradu- 
ated to  0.01  foot  extending  over  the  float  wheel  and  having  the  float  and  a  counterweight 
attached  to  the  ends.  A  small  brass  hook  called  the  index  pointer  and  used  to  deter- 
mine the  float-tape  reading,  is  screwed  into  the  floor  of  the  instrument  shelter  so  that 
the  point  just  misses  the  float  tape.  At  the  time  of  the  initial  installation,  and  twice 
yearly  thereafter,  the  outside  staff-gage  reading,  chart  line,  and  float-tape  readings 
have  been  adjusted  to  agree  within  0.005  foot. 

Each  of  the  nine  rainfall  measuring  stations  consists  of  a  recording,  weighing, 
non-reversing  rain  gage,  equipped  with  an  8-day  cylindrical  clock,  and  a  standard 
United  States  Weather  Bureau  gage,  this  latter  being  used  to  check  the  total  catch  and 
operation  of  the  recording  mechanism.  These  gages  are  located  6  feet  center  to  cen- 
ter and  with  receiving  funnels  3  feet  above  the  ground  surface.  They  are  exposed  as 
nearly  as  possible  in  accordance  with  the  recommendations  of  the  Subcommittee  on 
Standards  of  the  National  Resources  Committee.  The  location  of  each  rainfall  station 
is  shown  on  the  topographic  map,  figure  2,  page  5.  All  recording  rain  gages,  except 
station  R-l,  have  a  recording  capacity  of  6  inches  and  a  chart  scale  of  1  inch  equals 
1  inch  of  rainfall.  The  clocks  are  geared  to  make  one  revolution  each  12  hours,  giving 
a  time  scale  of  1  inch  per  hour.  With  these  scales,  depth  of  rainfall  can  be  read  to  the 
nearest  0.025  inch,  and  estimated  to  0.01  inch,  and  time  to  the  nearest  minute.  Sta- 
tion R-l  has  a  6-inch  recording  capacity  and  the  clock  makes  one  revolution  every 
week. 

The  temperature  station  contains  one  recording  hygrothermograph  which  records 
the  air  temperature  and  relative  humidity  and  a  soil  thermograph  recording  the  soil 
temperatures  at  depths  of  6,  12,  and  24  inches.  One  set  of  Standard  Weather  Bureau 
maximum  and  minimum  thermometers  is  also  located  at  this  station  and  used  as  a 
check  against  the  recorded  air  temperatures.  The  thermographs  and  thermometers 
are  housed  in  a  Standard  United  States  Weather  Bureau  instrument  shelter. 

All  stations  are  inspected  once  each  week  during  dry  weather.  In  addition,  all 
rainfall  and  runoff  stations  are  inspected  and  charts  changed  after  every  rain.  Infor- 
mation on  the  crop  cover  and  tillage  conditions  is  collected  immediately  after  the  oc- 
currence of  runoff. 

Rainfall  records  are  tabulated  at  each  change  in  slope  of  the  pen  trace,  and  the  in- 
tensities computed  for  5,  10,  15,  etc.,  minutes  are  the  actual  maximum  rate  for  the 
period  rather  than  the  rate  for  the  regular  clock  intervals.  A  sufficient  number  of 
points  are  selected  so  that  an  accurate  record  of  the  rainfall  can  be  reproduced  from 
the  tabulated  values. 

Points  are  selected  from  the  runoff  charts  at  frequent  intervals  so  that  a  smooth 
hydrograph  may  be  constructed  from  the  resultant  computed  rates  of  runoff.  To  obtain 
correct  runoff  hydrographs,  the  weir  discharge  values  given  in  the  laboratory-rating 
tables  must  be  corrected  for  pondage.  The  rate  of  runoff  at  any  instant  is  equal  to  the 
discharge  over  the  weir  plus  the  rate  of  change  in  volume  of  the  pond.  With  the  rapid 
rates  of  rise  to  be  expected  on  these  watersheds,  the  rate  of  ponding  at  a  given  instant 
may  be  as  great  or  even  greater  than  the  discharge  over  the  weir.  Pondage-correc- 
tion curves  were  prepared  by  first  making  an  accurate  topographic  survey  of  the  pond 
using  0.5-foot  contour  intervals.  The  area  of  the  pond  in  square  feet,  at  any  elevation, 
divided  by  60  gives  the  rate  of  runoff  in  cubic  feet  per  second  for  a  rate  of  change  in 
stage  of  1  foot  per  minute. 
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METHODS  OF  ANALYSIS 

Rates  and  amounts  of  runoff  from  small  agricultural  watersheds  are  affected  by 
rainfall  amounts,  intensities,  and  distribution;  antecedent  moisture  conditions;  cover 
and  tillage  practices;  watershed  characteristics;  and  soil  type  and  depth.  Because  of 
the  large  number  of  variables  affecting  runoff,  it  was  considered  advisable  to  try  to 
determine  the  frequency  of  recurrence  of  rates  of  runoff  directly  rather  than  relating 
each  peak  to  rates  of  rainfall  and  finally  using  these  relations  to  determine  the  fre- 
quency of  runoff  from  longer  rainfall  records.  Although  data  for  periods  longer  than 
that  of  record  and  from  watersheds  of  varying  size  and  cover  are  essential  to  ac- 
curate analyses,  the  urgent  and  immediate  need  for  usable  values  of  rates  and  amounts 
of  runoff  justifies  the  analysis  of  the  present  available  records.  Design  values  given 
in  the  report  should  be  considered  as  tentative  and  subject  to  revision  as  additional 
data  become  available 

Comparison  of  Rainfall  with  Long-Time  Records 

One  of  the  first  considerations  in  the  analysis  of  short  records  of  runoff  data  is  to 
determine  if  rainfall  amounts  and  intensities  during  the  period  of  record  agree  well 
with  long-time  rainfall  records.  High  rates  of  runoff  from  small  watersheds  are 
caused  by  intense  rainfalls  rather  than  by  melting  snow  or  a  combination  of  rainfall 
and  melting  snow.  Since  all  of  the  most  intense  rainfalls  in  the  area  represented  by 
these  studies  occur  from  May  to  September,  the  comparison  of  rainfall  during  this 
period  with  long-time  Weather  Bureau  records  is  more  important  than  comparisons  of 
annual  precipitation.  Both  annual  and  seasonal  comparisons  were  made  with  the  56- 
year  Weather  Bureau  record  for  Lancaster,  Wis.  The  values  for  the  9-year  period  at 
Fennimore  were  found  to  agree  closely  with  those  obtained  from  the  long-time  record. 

Frequency  determinations  of  rainfall  intensities  for  various  time  periods  were 
made  from  the  9-year  Fennimore  record  and  compared  with  similar  values  derived  by 
Yarnell  (6)  from  long-time  Weather  Bureau  records.  For  this  comparison,  Yarnell's 
values  were  increased  by  5  to  10  percent,  as  recommended  by  him,  because  his  in- 
tensities were  determined  from  the  uniform  5-minute  intervals  published  by  the 
Weather  Bureau  instead  of  actual  maximum  values  for  selected  durations.  Intensities 
for  the  10-,  30-,  and  60-minute  periods  tested  were  found  to  be  slightly  higher  than  the 
adjusted  Yarnell  values  for  all  recurrence  intervals. 

Since  the  intensities  for  all  periods  up  to  60  minutes  were  found  to  be  above  Yar- 
nell's adjusted  values  and  the  total  annual  and  seasonal  amounts  above  the  long-time 
normal,  it  may  be  assumed  conservatively  that  the  runoff  for  the  9-year  period  of 
record  is  reasonably  representative  of  longer-time  records. 

Probability  Studies  of  Peak  Rates  of  Runoff 

Probability  studies  were  made  to  determine  the  peak  rates  of  runoff  that  might  be 
expected  for  various  recurrence  intervals.  These  studies  were  made  for  the  experi- 
mental watersheds  at  La  Crosse  and  Fennimore,  and  also  for  all  other  watersheds 
within  a  size  range  of  from  2.3  acres  to  257  square  miles  that  have  comparable  shape, 
topography,  soils,  and  crop  cover. 

The  relationship  between  size  of  watershed  and  magnitude  of  peak  rate  was  de- 
termined by  plotting  peak  rate  for  a  recurrence  interval  of  once  in  10  years  against 
size  of  watershed  for  all  watersheds  that  had  average  cover  conditions    (fig.  4,  p.  14)  . 


13 


The  effect  of  cultivation  on  the  magnitude  of  peak  rates  was  determined  by  comparing 
peak  rates  from  watersheds  having  different  percentages  of  cultivated  area. 

RECOMMENDED  DESIGN  VALUES 

Peak  Rates  for  Various  Recurrence  Intervals 

The  results  of  these  studies  have  been  incorporated  in  table  3,  page  15,  and 
figures  5  and  6,  pages  16  and  17.  Table  3  shows  the  recommended  peak  rates  of  runoff 
for  various  size  drainage  areas,  and  recurrence  intervals  for  three  types  of  cover. 
Peak  rates  for  25-  and  50-year  recurrence  intervals  are  1.25  and  1.40  times  the  10- 
year  values.  Figures  5  and  6  show  graphically  the  relation  between  size  of  drainage 
area  and  rates  of  runoff  for  a  recurrence  interval  of  once  in  50  years.  Mixed  cover  in 
both  tables  and  figures  applies  to  areas  having  a  cover  of  one-half  corn  and  grain  and 
one-half  hay  and  pasture.  The  recommended  design  values  of  peak  rates  of  runoff 
apply  only  to  areas  within  the  soil  types  listed  where  the  prevailing  slopes  are  from 
2  to  10  percent  and  the  range  in  form  factor  A/L.^  from  0.5  to  1.0.  They  have  been 
prepared  in  a  manner  to  permit  their  inclusion  in  engineering  handbooks  if  desired. 

Flood-Distribution  Graph 

Maximum  rates  of  runoff  on  small  watersheds  usually  last  only  a  very  few  minutes. 
For  this  reason,  it  is  not  necessary  to  provide  spillway  capacity  for  the  maximum  rate 
to  be  expected  for  a  given  recurrence  interval  if  even  a  moderate  amount  of  temporary 
storage  is  available  above  the  crest  of  the  spillway.  Such  reduction  in  rates  of  runoff 
is  probably  not  justifiable  when  the  structure  is  to  be  designed  for  a  10-year  recur- 
rence interval.  In  calculating  any  possible  reduction  in  peak  discharge,  due  to  such 
storage,  it  is  necessary  to  know  the  total  runoff  for  the  storm  and  the  shape  of  the  in- 
flow hydrograph.  A  frequency  analysis  was  made  on  several  of  the  areas,  in  a  manner 
similar  to  that  used  for  the  peak  rates,  to  determine  the  total  storm  runoff  for  various 
recurrence  intervals.  The  relationship  between  total  storm  runoff  for  a  recurrence 
interval  of  once  in  50  years  and  the  percent  of  area  cultivated  is  shown  in  figure  7, 
page  18. 

Attempts  were  made  to  develop  flood-distribution  graphs  for  each  of  the  water- 
sheds, using  the  method  suggested  by  Commons  (l).  A  study  of  several  of  the  more 
important  hydrographs  revealed  no  fixed  relation  between  times  of  rise  and  reces- 
sion. The  location  of  the  peak,  with  respect  to  time,  seems  to  vary  greatly  for  these 
small  areas,  depending  upon  the  rainfall  intensity  and  distribution  within  the  storm; 
antecedent  moisture;  crop  cover;  and  shape  of  drainage  area.  The  time  of  rise  varied 
from  3  to  22  percent  of  the  total  time  base  for  the  22.8-acre  watershed.  This  varia- 
tion becomes  less  as  the  size  of  the  area  increases.  Examination  of  table  6,  page  29, 
also  shows  there  is  no  fixed  relation  between  peak  rates  and  total  storm  runoff. 
Slightly  better  agreement  was  obtained  by  using  only  those  hydrographs  resulting  from 
storms  of  long  duration  and  on  the  larger  areas  of  171  and  330  acres.  Figure  8, 
page  19,  shows  the  best  average  flood-distribution  graph  which  is  recommended,  for 
these  larger  watersheds  of  200  acres  to  2,000  acres,  for  use  in  the  general  soils  and 
farming  area  represented  by  these  studies. 

When  the  size  of  the  drainage  area  and  the  percent  cultivated  is  known,  the  50-year 
design  inflow  hydrograph  may  be  computed  from  the  distribution  graph  shown  in 
figure  8,  page  19,  (Z).    First,  the  peak  rate  of  runoff    (Q)    is  obtained  from    table  3, 
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TABLE  S- --Recommended  discharge  rates  in  cubic  feet  per  second  for  various  recurrence 

intervals  and  cover  condit ions 


NOTE:    These  values  apply  only  on  deep,  medium-textured,  moder- 
ately permeable,  friable  silt  loams  of  Tama,  Fayette,  Dubuque, 
Dodgeville,  Clinton,  and  related  soils  with  range  in  prevailing 
slopes  from  2  to  10  percent  and  form  factor,     A/L2  ,    between  0.5 
and  1.0. 
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50 -YEAR  RATES   OF  RUNOFF,  FROM  AREAS   OF  100  TO  2,000  ACRES, 
FOR   THE  DESIGN  OF  CONSERVATION  STRUCTURES. 
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Dubuque , Clinton  , and    related  soils,  within    a  range   of  slopes  from 
2%  to  10%  and   having  a  form    factor  (A/L2)  between  0.5  and  1.0 

FIGURE  6. 
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TYPICAL   FLOOD  DISTRIBUTION   GRAPH  FOR  AGRICULTURAL 
WATERSHEDS  OF  200  TO   2,000  ACRES. 
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page  15,  or  from  figure  6,  page  17.  The  total  runoff  in  inches  is  next  taken  from  the 
curve  of  figure  7,  page  18,  and  converted  to  acre-feet  (R)  by  multiplying  by  the 
number  of  acres  in  the  drainage  area  and  dividing  by  12. 


Let     R  =  total  flood  runoff  in  acre-feet 

Q  =  peak  rate  of  runoff  in  cubic  feet  per  second 

v  =  1  square  unit  of  volume  in  acre-feet 

w  =  1  linear  unit  of  flow  in  cubic  feet  per  second 

k  =  1  linear  unit  of  time  in  minutes 


There  are  about  897  square  units,  under  the  flood  distribution  graph,  which  repre- 
sents the  total  flood  flow.  Then  each  square  unit  (v)  must  equal  (R  897)  or 
0.001 115R  acre-foot.  The  peak  rate  of  runoff  is  represented  by  60  units  of  flow.  Then 
one  unit  of  flow  (w)  equals  (Q  -f  60)  or  0.01667Q  second-feet.  One  square  unit  of 
flood  volume  (v),  must  equal  1  linear  unit  of  flow  (w),  multiplied  by  1  linear  unit  of 
time   (k),   with  a  factor  to  make  the  units  consistent. 


Then 

ft3  60  sec/min      60  wk  ac.  ft. 

v  acre-feet  =  w          x  k  min  x    =   

sec  43560  ft3  43560 

ac.ft. 


Therefore    k  equals 

43560  v  v 

k  =  =  726  — 

60    w  w 


Example:  Given  a  200-acre  mixed  cover  watershed,  compute  the  design  inflow  hy- 
drograph  for  a  frequency  of  once  in  50  years.  From  table  3  or  figure  6  the  peak 
rate  of  runoff  (Q)  is  385  c.  f.  s.  and  from  figure  7  the  total  flood  flow  for  50  per- 
cent cultivated  is  2  inches  or  33.33  acre-feet. 


Then 

v  =  0.001  115  x  33.33  =  0.03715  acre-foot, 
w  =  0.01667  x  385       =  6.42  c.  f.  s. 
0.03715 

k  =  726  x  •       =  4.2  min. 

6.42 
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Table  4,  page  22,  gives  the  computed  coordinates  which  are  necessary  to  draw 
the  design  inflow  hydrograph.  The  required  capacity  of  any  control  structure  can  be 
obtained  from  the  design  inflow  hydrograph  modified  by  the  flood  storage  as  computed 
by  flood  routing  methods. 

Conclusions 

The  following  conclusions  are  intended  to  apply  only  to  the  soils  named  and  within 
the  boundaries  of  the  area  shown  in   figure  1,  page  2. 

1.  Rainfall  intensities  and  amounts  during  the  period  of  rec- 
ord of  these  studies  appear  to  be  representative  of  longer 
term  records  within  the  area  shown. 

2.  Determination  of  runoff  frequencies  directly,  without  re- 
gard to  the  factors  producing  them,  is  feasible  but  only  in 
cases  where  each  of  these  factors  represents  a  true  sample 
of  a  longer  period  of  record. 

3.  Good  vegetal  cover  is  very  effective  in  reducing  rates  of 
runoff  from  small  watersheds  in  the  soil  types  included  in 
thisreport. 

4.  There  is  a  definite  relation  between  peak  rates  of  runoff 
and  size  of  drainage  area  for  a  given  recurrence  interval, 
if  the  variation  in  cover,  soils,  erosion,  topography,  and 
shape  of  drainage  area  is  held  within  reasonable  limits. 

5.  The  flood  distribution  graph  presented  is  probably  a  good 
average  graph  for  areas  of  from  2  0  0  to  2,00  0  acres  of  the 
soil  groups  included  in  this  report.  Considerable  varia- 
tion in  its  shape  will  be  found  for  individual  storms  on 
smaller  drainage  areas. 

FACTORS  AFFECTING  RATES  OF  SURFACE  RUNOFF 

Crop  Cover 

Crop  cover  has  a  marked  effect  on  rates  of  runoff  from  these  soils.  Table  5, 
page  23,  shows  the  crop  cover,  in  percent  of  area,  on  each  of  the  watersheds  for  all 
the  years  of  record.  It  will  be  noted  that  cover  conditions  have  remained  reasonably 
uniform  on  the  two  larger  areas  but  show  a  wide  variation  on  the  smaller  watersheds. 

Since  none  of  these  watersheds  is  under  one  type  of  cover,  the  only  possibility  of 
evaluating  effect  of  cover  on  rates  and  amounts  of  runoff  is  to  compare  hydrographs  of 
two  or  more  storms  having  as  near  the  same  rainfall  intensities  and  antecedent 
moisture  conditions  as  possible.  It  is  necessary  to  select  only  storms  of  very  high 
intensities  for  such  comparisons  because  of  the  ability  of  these  soils,  under  favorable 
conditions,  to  absorb  large  amounts  of  precipitation  in  a  very  short  time.  By  using 
two  watersheds,  one  with  the  same  percentages  of  crops  for  each  storm  and  the  other 
having  a  wide  difference  in  cover  it  is  possible  to  reduce  any  differences  due  to  soil 
moisture  and  the  effect  of  variation  in  height  of  vegetal  cover.    With  these  limitations 
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TABLE  4- -50 -year  hydrograph  for  200  acres  mixed  cover 
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TABLE  5. --Vegetative  cover  on  the  Fennimore,  Wis.,  watersheds  in  percent  of  drainage  area 
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in  mind,  only  the  storms  of  August  12,  1943,  and  July  11,  1944,  cc  be  used  for  this 
comparison.  Any  possible  effect,  due  to  differences  in  soil  types  and  shape  of  the 
areas,  can  be  minimized  by  comparing  W-I  with  W-III  and  W-II  with  W-IV.  Storms 
were  placed  with  the  beginning  of  intense  rainfall  on  the  same  time  line  to  give  an  in- 
dication of  the  relative  position  of  peaks. 

Figure  9,  page  25,  shows  the  comparison  of  these  storms  on  W-I  and  W-III.  W-I 
had  nearly  the  same  amount  of  corn  in  1943  and  1944,  but  the  1944  corn  acreage  on 
W-III  was  double  that  of  1943.  The  rainfall  intensities  of  the  August  12,  1943,  storm 
were  higher  and  came  later  in  the  storm  pattern  than  for  the  July  11,  1944,  storm. 
Antecedent  moisture  was  very  low  for  the  15  days  prior  to  these  storms,  but  the  one 
on  August  12,  1943,  had  over  1.00  inch  in  the  3  hours  before  the  intense  portion, 
whereas  the  one  on  July  11,  1944,  had  the  highest  intensities  at  the  beginning  of  the 
storm.  One  other  difference,  not  apparent  from  these  data,  was  that  the  precipitation 
in  June  1944  was  8.22  inches,  which  resulted  in  excellent  pasture  and  hay  whereas  the 
rainfall  for  the  same  length  of  time  before  the  August  12  storm  was  only  3.38  inches, 
leaving  the  pastures  short  and  dry.  These  differences  should  have  about  the  same 
effect  on  both  the  areas.  The  effect  of  these  differences  in  antecedent  moisture  and 
vegetative  cover  is  readily  apparent  in  the  runoff  hydrographs  for  W-I.  The  peak  rate 
of  runoff  on  W-I  was  three  times  as  high  on  August  12,  1943,  as  on  July  li,  1944,  but 
the  ratio  of  the  peaks  on  W-III  was  only  1.7  to  1.  This  shows  that  much  of  the  effect  of 
rainfall  intensities  and  other  conditions  which  caused  the  wide  differences  in  runoff  on 
W-I  is  offset  by  the  change  in  acreage  of  corn  on  W-III.  Average  infiltration  rate  dur- 
ing both  these  storms  was  more  than  3  inches  per  hour,  showing  that  these  soils  are 
capable  of  absorbing  large  amounts  of  rainfall  at  high  intensities  when  in  a  dry  condi- 
tion and  with  good  vegetal  cover. 

Figure  10,  page  26,  shows  graphically  the  comparison  of  the  August  12,  1943,  and 
July  11,  1944,  storms  on  W-II  and  W-IV.  Watershed  W-IV,  which  also  had  an  equal 
corn  acreage  both  years,  shows  about  the  same  ratio  (3  to  l)  between  peak  rates  as 
for  W-I.  The  ratio  of  peaks  for  these  storms  on  W-II  was  1  to  7.4  which  means  that 
even  the  higher  intensities  of  the  August  12  storm  were  more  than  offset  by  other  fac- 
tors. The  only  explanation  for  W-II  showing  such  a  great  difference  from  the  other 
three  watersheds  for  the  August  12,  1943,  storm  is  that  there  was  no  pasture  and  the 
73  percent  in  hay  afforded  excellent  cover.  The  corn  acreage  for  1944  on  W-II  was 
more  than  double  that  of  1943  and  most  of  this  large  corn  acreage  was  replanted  dur- 
ing the  last  week  of  June.  This  combination  of  conditions  on  W-II  greatly  magnified 
rates  of  runoff  on  July  11,  1944,  while  holding  down  those  of  August  12,  1943.  Average 
infiltration  rates  on  W-II  appear  to  be  about  2.5  inches  per  hour  on  July  11,  1944,  and 
4.0  on  August  12,  1943. 

Antecedent  Moisture 

Figure  11,  page  27,  shows  a  graph  of  three  storms  and  the  resultant  runoff  hydro- 
graphs  on  W-IV  for  which  the  rainfall  intensities  and  amounts  and  the  vegetal  cover 
are  similar  but  have  different  antecedent  moisture  conditions.  All  of  these  storms 
were  placed  with  the  beginning  of  intense  rainfall  on  the  same  time  line  to  give  a  bet- 
ter picture  of  the  relative  position  of  runoff  peaks.  The  10-minute  intensities  of  these 
storms  are  approximately  equal,  yet  they  show  a  wide  difference  in  peak  rates  and 
amounts  of  runoff.  Both  the  June  3,  1943,  and  June  22,  1944,  storms  had  their  highest 
intensities  early  in  the  storm  period,  but  the  first  of  these  was  preceded  by  a  rainfall 
of  2.15  inches  in  the  previous  24  hours  while  the  latter  had  only  0.10  inch  in  a  5-day 
period.    The  June  28,    1945,  storm  had  the  lowest  rainfall  intensities  but  they  came 
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after  0.84  inch  in  the  first  hour  and  gave  higher  rates  and  amounts  of  runoff  than 
either  of  the  other  storms .  The  vegetal  cover  is  about  the  same  for  these  storms  and, 
therefore,  the  differences  in  runoff  must  be  largely  due  to  the  antecedent  moisture 
condition. 

Comparisons  for  Selected  Storms 

Table  6,  page  29,  shows  the  precipitation,  runoff,  antecedent  moisture,  and  vege- 
tal cover  for  selected  storms  on  each  of  the  four  watersheds.  Frequently,  short  ex- 
cessive rates  of  precipitation  have  caused  no  runoff  from  these  areas.  If  the  intensity 
of  precipitation  was  the  sole  factor  in  producing  rates  of  runoff,  then  the  storm  of 
August  12,  1943,  should  have  given  the  highest  rates  of  runoff  for  the  entire  period  for 
all  areas.  Examination  of  the  table  shows  that  the  storm  of  June  28,  1945,  with  con- 
siderably lower  rainfall  intensities,  gave  higher  rates  of  runoff  from  all  areas  than  the 
August  12,  1943,  storm.  The  chief  difference  in  these  two  storms  appears  to  be  ante- 
cedent moisture  conditions,  there  being  only  0.75  inch  of  precipitation  in  the  4  weeks 
prior  to  August  12,  1943,  as  compared  with  4.90  inches  for  a  similar  period  before 
June  28,  1945.  Both  storms  had  about  1.0  inch  of  rainfall  before  the  intense  part  be- 
gan. The  great  differences  between  the  peak  rates  of  runoff  for  these  storms  on  W-II 
are  due  largely  to  differences  in  vegetal  cover. 

The  15-minute  rainfall  intensities  and  vegetal  cover  on  W-III  for  the  storms  of 
June  22,  1944,  and  June  28,  1945,  are  comparable,  yet  the  peak  rate  and  total  runoff 
for  the  latter  are  considerably  higher.  Precipitation  for  the  3  weeks  prior  to  June  22, 
1944,  was  6.4  inches  as  against  3.10  inches  for  a  like  period  before  the  June  28,  1945, 
storm.  The  effect  of  the  1  inch  of  rainfall  in  the  hour  immediately  preceding  the  in- 
tense part  of  the  June  28  storm  is  apparent.  In  the  case  of  the  June  28,  1945,  storm, 
plant  interception  and  surface  detention  were  already  accounted  for  and  the  infiltra- 
tion rate  was  greatly  reduced  before  the  beginning  of  the  period  of  intense  rainfall. 

Examination  of  table  6,  page  29,  and  figure  11,  page  27,  shows  that,  although 
antecedent  moisture  and  rainfall  intensities  are  not  identical,  the  same  general  rela- 
tionships hold  in  comparing  the  storms  of  June  3,  1943,  and  June  22,  1944,  as  for 
August  12,  1943,  and  July  11,  1944. 
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